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The objective of this study was to evaluate the effects of a soil conditioner, prepared from food wastes, on
soil microbial activity, soil nutrient levels, and melon (Cucumis melo reticulata) growth and yield. Food
waste, generated from a residence dining hall, was fermented with and without a microbial inoculant for
20 days. The resulting soil conditioners were incorporated into soil (Mexico silt loam) by tilling to a 15-cm
depth using a rotary tiller. Melon seedlings were transplanted three weeks after soil amendment. Soil nu-
trient levels and microbial activity were monitored periodically during the growing season to detect effects
of the soil conditioners on soils and plant growth. Fruit weight per plant was significantly (P<0.05) in-
creased with the microbially-inoculated soil conditioner compared to the control in both years, but was not
different from the non-inoculated soil conditioner in 2000 or the fertilizer treatment in 2001. Soil condition-
ers produced from food wastes inoculated with selected microorganisms were as effective as a fertilizer in
promoting soil microbial activity and melon growth. Long-term studies (> 2 yr) are needed to verify that

enhancement of microbial activity and plant growth is due exclusively to EM-based soil conditioners.

Introduction

Recycling food wastes into value-added products
such as soil conditioners can decrease disposal costs
and recycle nutrients for maintaining and improving
soil quality and crop growth (Martin and Gershuny
1992; Zibilske 1998). More than 26 million tons of food
wastes were generated in 2001, accounting for about
16% of the municipal solid waste stream in the United
States (Miller 2004). Disposal of organic materials in-
cluding food wastes is becoming more constrained
due to decreased landfill areas and bans on incinera-
tion (Risse and Faucette 2000). Therefore, composting
has become an attractive means for diverting food
wastes from landfills and reducing waste manage-
ment costs. Composting food wastes has not gained
wide acceptance due to odor and pest problems asso-
ciated with conventional waste collection and pro-
cessing methods (Donahue et al. 1998). Sealed contain-
ers (“in-vessel composting systems”) circumvent odor
and pest problems and facilitate decomposition by
fermentation, yielding a product that can be applied
as a soil conditioner (Martin and Gershuny 1992).

Microbial inoculants improve plant production by
reducing plant stress and increasing nutrient availabili-
ty (Kinnersley 1993). One such microbial inoculant,
available as ‘Effective Microorganisms’ (EM), consists
of a suspension of >80 naturally-occurring microorgan-
isms including phosphorus-solubilizing bacteria, lactic
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acid bacteria, yeasts, cellulolytic bacteria, and actino-
mycetes, which are documented to improve soil quality
and crop growth (Higa 1993; Wididana and Higa 1995).
Most of the microorganisms in EM cultures are het-
erotrophic (require organic substrates as carbon and ni-
trogen sources), therefore, EM has been most effective
when combined with organic carriers and applied to
soils and crops (Yamada and Xu 2000). Addition of EM
to organic materials including food wastes contained
within in-vessel systems enhances fermentation and the
composting process (Higa 1993). Various soil condition-
ers including composted materials may improve plant
growth by improving soil nutrient availability and soil
physical properties (Kinnersley 1993; Zibilske 1998; Six
et al. 2000; Havlin et al. 1999). However, there is little in-
formation on the effects of composted food waste, pro-
duced with a microbial inoculant, on soil properties and
plant growth. The objective of this study was to evalu-
ate the effects of a food waste soil conditioner, ferment-
ed with and without a microbial inoculant, on soil nu-
trient levels, soil microbial activity, and plant growth
and yield of field-grown melons.

Materials and Methods
Food Waste

Food, drink, and paper wastes were collected
from a student-dining hall at the University of Mis-
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souri, Columbia. Wastes were shredded into 3- to 10-
cm pieces to form a pulp-like slurry and centrifuged to
remove excess fluid using waste-processing equip-
ment installed at the dining hall. Wastes prepared in
this manner were used for composting.

Microbial Inoculum Preparation

EM (Sustainable Community Development, Co-
lumbia, Missouri) concentrate (150 ml) was mixed
with 150 ml dark molasses to initiate active growth of
the microorganisms; this mixture was diluted in 15
liters of tap water warmed to 35-45°C. The suspen-
sion was evenly distributed in 45 kg of soft wheat
bran by constantly mixing the bran by hand on a ce-
ment slab. The resulting bran-suspension mixture
had no clumps and 20% moisture content. This mix-
ture was packed firmly in clean airtight 19-L plastic
containers for 14 days. After incubation the bran mix-
ture was removed from the containers, air-dried, and
served as inoculum for composting the food wastes.

Production of Soil Conditioners

The prepared wastes were homogenized by man-
ually turning over the material with a shovel. The uni-
form waste material was then divided into equal por-
tions; one portion was mixed with uninoculated bran
and the other was mixed with the EM-bran inoculum
at a ratio of 1:5.3 (v:v). Each waste treatment was dis-
pensed into separate enclosed containers, which
served as anaerobic fermentors for in-vessel compost-
ing. The enclosed containers were built from opaque,
plastic, 190-L barrels open at the top; a platform cov-
ered with 1-cm” galvanized wire mesh was placed in
the bottom to allow liquid to drain from the wastes.
Tops of the containers were sealed with plastic sheet-
ing (4-mil) held in place by a rubber gasket secured
with plastic lids. Temperatures inside during fermen-
tation ranged from 20 to 28°C. Liquid from the en-
closed containers was drained daily during the first
week and every other day thereafter. At the end of fer-
mentation (20 days), the composted wastes were con-
sidered “soil conditioners” and available for applica-
tion to the field.

Field Procedures

Experimental plots were established on a Mexico
silt loam (fine, smectitic, mesic Aeric Vertic Epi-
aqualfs) previously under weedy vegetation and with
an unknown history of tillage and fertilization prac-
tices. Soil treatments included: no fertilizer (No Fert);
fertilizer [Fert; 13-13-13 (N-P-K)] at 520 kg-ha’l; EM
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soil conditioner applied at 12,500 kg (dry weight)-ha™;
and non-EM soil conditioner applied at 12,500 kg(dry
weight)-ha™. Each treatment was arranged in a ran-
domized complete block design with four replicate
blocks established in the field. Soil conditioners were
applied 3 weeks before planting. All treatments were
incorporated into soil by tilling to a 15-cm depth using
a rotary tiller. Muskmelon (Cucumis melo reticulata cv
‘Ambrosia’) transplants were planted into plots on
June 5, 2000, and May 17, 2001. Each plot consisted of
3 rows, 5 plants each, planted in an east-west direc-
tion. Plants were spaced 90 cm apart in the row with
1.5 m between rows. Data were collected from the cen-
ter row of each plot. Outer rows were established to
minimize edge effects and to monitor insects and dis-
eases. Treatments were re-applied to the same plots in
the second year of the study.

Soil Conditioner and Soil Analyses

Random samples from each of four production
batches of soil conditioners were collected immedi-
ately prior to soil application and air-dried for chem-
ical analysis. Soil samples were collected before treat-
ment application and at transplanting. Four soil
samples from each treatment row were taken to a
depth of 18 cm and mixed to yield a composite sam-
ple for analysis. All analyses for both soil condition-
ers and soils were performed by the Soil Testing Lab-
oratory at the University of Missouri, Columbia,
based on standard procedures (Dahnke 1988). For
the soil conditioners, chemical analyses were deter-
mined as follows: pH by the saturated paste method;
total nitrogen by the standard Kjeldahl method; car-
bon by loss on ignition; and phosphorous, potassi-
um, calcium, magnesium, zinc, iron, manganese and
copper contents by strong acid digestion. For soils,
chemical analyses were determined as follows: pH
by the dilute calcium chloride method; organic mat-
ter content by loss on ignition nitrate by cadmium re-
duction; ammonium by the phenolate method; phos-
phorous by the Bray I method; potassium, calcium,
magnesium by ammonium acetate exchange; and
sodium by a saturated paste method.

Soil microbial activity, expressed as triphenyl-
tetrazolium chloride (TTC)-dehyrogenase activity,
was used to estimate respiration of viable microor-
ganisms (Casida 1977). Soil (6 g) was incubated in 1.0
ml of 3% TTC and 3.0 ml of 0.2M CaCO_ for 24 h at
37°C. Assays were conducted with three replicates
containing TTC and one control with 8 ml deionized
water. The reactions were terminated by addition of
50 ml methanol and extracted 30 min on a reciprocal
shaker. The reaction mixture was filtered and the con-
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centration of 2,3,4-triphenyl-tetrazolium formazan
(product) was determined spectrophotometrically at
485 nm.

Harvesting Procedures

Plant samples and mature fruit were collected
during a single harvest 79 days after transplanting in
2000 and 90 days after transplanting in 2001. All plants
in each plot were severed at soil level and separated
into vegetative (stems plus leaves) and fruit compo-
nents. Stems plus leaves were placed into paper bags
and dried using a forage dryer for 5 to 7 days at 45°C,
then weighed to determine above-ground dry weight
per plant. Number and fresh weight of fruit per plant
were determined for each plot.

Statistical Analysis

Data were subjected to an analysis of variance and
where the F-test was significant, Fisher’s protected
least significant difference (LSD) test at P=0.05 was
used for mean separation.

Results and Discussion
Soil Conditioner Properties

The in-vessel composting system used in our
study effectively reduced noticeable odors during
the fermentation period. Moisture content of the
food waste was also reduced based on the removal of
15 — 20 L leachate from each enclosed container dur-
ing fermentation. Temperatures of the composting
food waste during fermentation ranged from 20°C to
28°C. After one week of fermentation, the compost-
ing material was not recognizable as food waste and
appeared as indistinguishable pulp. EM-inoculation
resulted in a sweet, fermented smell inside the en-
closed container at one week of fermentation with
white mycelial-like growth on the surface of the
pulp. Non-EM inoculated pulp produced a putre-
fied, rancid odor inside the vessels after the first
week of fermentation and had less mycelial growth
than the inoculated pulp. However, the odor dissi-
pated by the end of the 20-d fermentation period. Al-
though the mechanisms are not clearly understood,
EM inoculation of organic materials improves the
quality of composts partly due to lactic acid synthe-
sis and propagation of Lactobacillus that provides
consistent fermentation (Kostov et al. 1991; Yamada
and Xu 2000).

Total nitrogen, potassium, phosphorous, calcium,
magnesium, zinc, iron, copper, total carbon and car-
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bon:nitrogen ratios (C:N) of the soil conditioners were
comparable regardless of EM inoculant application
(Table 1). The narrow C:N ratio (10 to 12:1) of the food
waste soil conditioners was favorable for plant nutri-
tion because nitrogen immobilization by soil microor-
ganisms was unlikely (Martin and Gershuny 1992).
Total nitrogen, phosphorous, potassium, calcium,
magnesium, iron, molybdenum, copper, carbon, and
C:N ratio were less variable among samples of EM soil
conditioner compared to the non-EM soil conditioner.
Based on these properties, a consistent microbial com-
munity likely developed with EM inocula that con-
tributed to stable chemical properties of the organic
material during fermentation (Kostov et al. 1991; Ya-
mada and Xu 2000).

TABLE 1.
Nutrient levels and carbon:nitrogen ratios for non-em and
em soil conditioners after 20 days incubation®

Variable Non-EM EM
PH 5.83 (0.57) 5.49 (1.01)
Total N % 4.07 (0.68) 3.71 (0.60)
Total P % 0.75 (0.34) 0.72 (0.24)
Total K % 0.56 (0.57) 0.65 (0.38)
Total Ca % 1.20 (1.16) 0.60 (0.23)
Total Mg % 0.23 (0.15) 0.23 (0.09)
Total Zn ppm 174 (235) 201 (302)
Total Fe ppm 183 (54) 140 (43)
Total Mn ppm 59 (49) 60 (28)
Total Cu ppm 7 (9) 7 (6)
Total C % 40 (4) 43 (2)
C:N Ratio 10.11 (1.87) 12.00 (1.49)

* Numbers in parenthesis are standard deviation. Means represent four
random samples taken from four independent production times of the soil
conditioners.

Soil Properties

Soil organic matter increased in plots treated with
EM and non-EM soil conditioners when sampled in
June 2000 and April 2001, compared to Fert and No
Fert plots (Table 2). Soil conditioners likely contributed
to increases in soil organic matter (Havlin et al. 1999;
Martin and Gershuny 1992; Zibilske 1998), however,
soil organic matter content was less in 2001 compared
to 2000 regardless of treatment. Except for P and N, soil
nutrient levels were not greatly affected due to treat-
ment in either growing season. Increases in available P,
nitrate, and ammonium in amended soils suggest that
the soil conditioners stimulated solubilization and
mineralization of P, and mineralization of N by soil mi-
crobial communities. Additional tillage after the 2000
growing season might have decreased organic matter
and mineralization (Wagner and Wolf 1998).
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TABLE 2.
Soil nutrient levels in plots receiving soil conditioners, 2000 and 2001

Sampling Organic N.A! P Ca Mg K NO NH,
Time Treatments pH Matter %  meq/100g  (kgha™) (kgha')  (kgha™) (kgha™) ppm ppm
Pre- No fert 6.9 a 32a 04a 84a 5276 a 488 a 454 b - -
Treatment Fert 6.9 a 32a 03a 94 a 5710 a 566 a 504 ab - -
May 15, EMS.C. 70a 32a 05a 101 a 5580 a 494 a 584 a - -
2000 Non-EM 6.C.° 69a 32a 03a 96 a 5718 a 547 a 526 ab - -
Post- No fert 7.0a 32b 0.2a 77b 3998 a 338a 300 b 46b 09b
Treatment Fert 6.8a 32b 03a 95 ab 4041 a 362 a 370 a 40b 1.4 ab
June 5, EMS.C. 6.8a 34a 0.3a 101 a 4104 a 349 a 316 b 124a 22a
2000 Non-EM S.C. 6.8a 34a 04a 112 a 4150 a 356 a 372a 8.3 ab 18a
Pre- No fert 6.9a 22b 0.4b 99c 7665 a 775 a 423b 22b 11.0a
Treatment Fert 6.8a 23b 0.6ab 107 be 8190 a 905 a 520 a 23b 99a
April 19, EMS.C. 6.8a 2.6a 0.8a 130 ab 7825 a 819 a 441b 3.9 ab 10.8 a
2001 Non-EM S.C. 6.8a 2.6a 0.7ab 131 a 7793 a 810 a 454 ab 49a 13.6a
Post- No fert 6.8a 24a 0.7a 94 b 7566 a 804 a 418b 5.6¢ 10.1b
Treatment Fert 6.8a 24a 09a 104 b 7823 a 898 a 478 ab 6.4c 10.1b
May 17, EMS.C. 6.8a 24a 0.7 a 110b 7437 a 810 a 468 ab 15.8b 10.6 b
2001 Non-EM S.C. 6.8a 24a 0.7a 130 a 7642 a 844 a 513 a 345a 17.7 a

Means within a column for a sample date followed by the same letter are not significantly different based on Fisher’s protected LSD (P=0.05); 'N.A. —
Neutralizable Acidity; 2EM S.C. — EM-inoculated Soil Conditioner; 35.C. - Soil Conditioner

TABLE 3
Soil dehydrogenase activity (mg TPF'-g ™' dry soil)
Pretreatment Transplanting Harvest
Treatments 2000 2001 2000 2001 2000 2001
No fert 1820 a 550 b 2000 cb 720 a 2430 a 120 ab
Fert 1650 a 570 ab 1860 ¢ 670 a 2000 a 100 b
EM Soil
conditioner 1910 a 710 ab 2850 a 760 a 2680 a 150 a
Non-EM Soil
conditioner 1740 a 780 a 2690 ab 660 a 2400 a 130 a

! TPF-triphenyl formazan; Means within a column followed by the same letter are not significantly different based on Fisher’s protected LSD (P=0.05).

Soil dehydrogenase activity was similar across
all plots at the initial 2000 sampling date (Table 3),
suggesting that microbial activity was consistent
throughout the field before treatment. At 16 days af-
ter treatment (June 11, 2000), dehydrogenase activity
in soil amended with EM soil conditioner was signif-
icantly greater than the No Fert and Fert treatments
but was not different from soil amended with non-
EM soil conditioner. Soil conditioners provide avail-
able nutrients to soil organisms and promote micro-
bial activity involved in soil aggregation and nutrient
cycling (Lynch and Elliott 1997). In our study, in-
creases in enzyme activity were transient because by
82 days after soil application, dehydrogenase activi-
ty among treatments did not differ significantly. Pre-
vious studies have shown that long-term application
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of organic materials composted with EM inocula im-
proved physical, chemical, and biological properties
of soils (Higa and Parr 1994, Xu 2000, Yamada and
Xu 2000). Our study was conducted over a two-year
period; annual applications of EM-soil conditioner
during additional growing seasons may improve soil
properties at our field site that could be consistently
detected over time.

Melon plant dry weight, numbers of fruit per
plant, and average fruit weight per plant followed
similar trends over both growing seasons with higher
yields associated with both soil conditioners relative
to No Fert and Fert treatments (Table 4). Above-
ground dry weight per plant did not differ between
treatments in 2000, but was highest for EM-soil con-
ditioner and Fert in 2001. Number of fruit per plant
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TABLE 4
Yield data for 2000 and 2001

Above Ground Dry Number of Fruit Fruit Weight
—— Weight Per Plant —— Per Plant Per Plant (kg)

Treatments 2000 2001 2000 2001 2000 2001
No fert 0.39 a 0.11b 29b 1.1b 39b 09b
Fert 0.43a 0.13 ab 31b 12b 45b 1.2 ab
EM Soil

conditioner 0.57 a 0.18 a 51a 1.8a 75a 20a
Non-EM Soil

conditioner 0.45 a 0.12b 4.0 ab 09b 6.5a 09b

Means within a column followed by the same letter are not significantly different based on Fisher’s protected LSD (P=0.05).

was significantly increased with EM soil conditioner
compared to Fert and No Fert in both years, but was
not different from non-EM soil conditioner in 2000.
Fruit weight per plant was also significantly in-
creased with EM soil conditioner compared to No
Fert in both years, but was not different from non-EM
soil conditioner in 2000 or the Fert treatment in 2001.

Melon yield components (fruit numbers and
fruit weight) with both soil conditioners were higher
or comparable to the Fert treatment suggesting that
these organic amendments can be used successfully
for providing adequate nutrition for melon produc-
tion. Soil properties improved by soil conditioners
promote growth and activity of plant root systems,
which is ultimately reflected in improved har-
vestable yields (Lynch and Elliott 1997; Xu 2000).
Long-term use of EM-inoculated soil conditioners
further promotes plant growth through the buildup
of beneficial microbial communities that produce
plant-growth-promoting substances including aux-
ins, gibberellins, and kinetins (Higa and Parr 1994;
Xu 2000). We observed beneficial effects of soil con-
ditioners on soil enzyme activity and plant growth,
however, additional growing seasons are needed to
verify any growth-promotive effects due exclusively
to use of EM for producing a soil conditioner from
food waste. Subsequent studies have shown that
soils amended with organic materials similar to the
food waste conditioners with and without EM treat-
ment developed higher levels of soil enzyme activi-
ties, soil organic matter content, and water-stable soil
aggregates relative to soils not receiving organic
amendments (data not presented).

Conclusions

Microorganisms in EM were effective in produc-
tion of soil conditioners from food waste with a fer-
mentation process that alleviated formation of offen-
sive odors (Kostov et al. 1991). For commercial
composting operations, preparation of EM inoculant
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with bran and subsequent inoculation of food wastes
could be scaled up by using commercially-available
compost mixers. Also, compost turning equipment
might be used to form windrows of the inoculated
food waste of sufficient size to provide anaerobic con-
ditions within the windrow for fermentation. This
would eliminate the necessity of using in-vessel fer-
mentors. Further study is needed for evaluation of
food waste soil conditioners using different soils, ap-
plication methods, and crops. Evaluation of long-
term use (> two growing seasons) might aid in deter-
mining relationships between soil nutrient levels and
plant growth and production, and account for varia-
tion due to weather patterns. Long- term evaluation
of soil quality parameters (i.e., soil enzymes) and
plant growth under field conditions is needed to ver-
ify the beneficial effects of soil conditioners prepared
with EM.

Acknowledgments

We thank Tim Reinbott for technical assistance
with the field experiment. Mention of trade names or
commercial products in this article is solely for the
purpose of providing specific information and does
not imply recommendation or endorsement by the
U.S. Department of Agriculture or the University of
Missouri over other products not mentioned.

References

Casida, L. E. 1977. Microbial metabolic activity in soil as
measured by dehydrogenase determinations. Applied
and Environmental Microbiology, 34:630-636.

Dahnke, W.C. 1988. Recommended Soil Test Procedures for the
North Central Region (Bulletin 499). North Dakota Agri-
cultural Experiment Station, Fargo, ND.

Donahue, D.W., J.A. Chalmers, and J.A. Storey. 1998. Evalu-
ation of in-vessel composting of university post-con-
sumer food wastes. Compost Science & Utilization,
6(2):75-81.

Havlin, J., ]J. Beaton, S. Tisdale, and W. Nelson. 1999. Soil
Fertility and Fertilizers, Sixth Edition. Prentice-Hall Inc.

Spring 2005



Effects of a Food Waste-Based Soil Conditioner On Soil Properties and Plant Growth

New Jersey.

Higa, T. 1993. An Earth Saving Revolution: A means to resolve
our world’s problems through Effective Microorganisms
(EM). Sunmark Publishing Inc, Tokyo, Japan.

Higa, T., and J.F. Parr. 1994. Beneficial and Effective Microor-
ganisms for a Sustainable Agriculture and Environment.
Atami, International Nature Farming Research Center,
Tokyo, Japan, p. 16.

Kinnersley, A.M. 1993. The role of phytochelates in plant
growth and productivity. Plant Growth Reg., 12:207-218.

Kostov, O., V. Fankov, G. Atanacova, and J.M. Lynch. 1991.
Decomposition of sawdust and bark treated with cellu-
lose-decomposing microorganisms. Biology and Fertility
of Soils, 11:105-110.

Lynch, J.M., and L.F. Elliott. 1997. Bioindicators: perspec-
tives and potential value for landusers, researchers and
policy makers. p. 79-96. In C.E. Pankhurst, B.M. Doube,
and V.V.S.R. Gupta (eds.) Biological Indicators of Soil
Health. CAB International, Oxon, Oxford, U.K.

Martin, D.L., and G. Gershuny. 1992. The Rodale Book of Com-
posting. Rodale Press, Emmaus, Pennsylvania.

Miller, C. 2004. Food waste [Online]. Available at
http:/ / wasteage.com/mag/waste_food_waste (veri-
fied 7 April 2004)

Risse, M., and B. Faucette. 2000. Food Waste Composting: Insti-
tutional and Industrial Applications (Bulletin 1189). Geor-
gia Cooperative Extension Service, Athens, Georgia.

Rogers, S.L., and R.G. Burns. 1994. Changes in aggregate sta-
bility, nutrient status, indigenous microbial popula-

Compost Science & Utilization

tions, and seedling emergence, following inoculation of
soil with Nostoc muscorum. Biology and Fertility of Soils,
18:209-215.

Six, J., K. Paustian, E.T. Elliott, and C. Combrink. 2000. Soil
Structure and Organic Matter: I. Distribution of Aggre-
gate-Size Classes and Aggregate-Associated Carbon.
Soil Science Society of America Journal, 64:681-689.

Stern, K. 1988. Plant Biology, Fourth Edition. Brown Publish-
ers. lowa, USA.

Wagner, G.H., and D.C. Wolf. 1998. Carbon Transforma-
tions and Soil Organic Matter Formation. p. 218-258. In
D.M. Sylvia, J.J. Fuhrmann, P.G. Hartel, and D.A. Zu-
berer (eds.) Principles and Applications of Soil Microbiolo-
gy. Prentice-Hall, Inc., Upper Saddle River, New Jersey.

Wididana, G. N., and T. Higa. 1995. Effect of EM on the Pro-
duction of Vegetable Crops in Indonesia. Kyusei Na-
ture Farming. Fourth International Conference Pro-
ceedings held in Paris, France June 19-21, 1995. Edited
by J.F. Parr, and S.B. Hornick. pp. 79-84.

Xu, H. 2000. Effects of a microbial inoculant and organic fer-
tilizers on the growth, photosynthesis and yield of
sweet corn. Journal of Crop Production, 3:183-214.

Yamada, K., and H. Xu. 2000. Properties and applications of
an organic fertilizer inoculated with effective microor-
ganisms. Journal of Crop Production, 3:255-268.

Zibilske, L.M. 1998. Composting of Organic Wastes. p. 482-
497. In D.M. Sylvia, J.]. Fuhrmann, P.G. Hartel, and D.A.
Zuberer (eds.) Principles and Applications of Soil Microbiol-
ogy. Prentice-Hall, Inc., Upper Saddle River, New Jersey.

Spring 2005 121



